I. INTRODUCTION
~~ dielectric constant, it may not represent the most economical solution.
In this paper, we present newly developed ISM performance paved the way for higher level Of System any external component. The layout and structure of the new compact inductor resonators filter is shown in Fig. 2 . This edge-coupled inductor filter is designed on two-metal layers low-cost laminate substrate using typical package laminate substrate layers and materials, as shown in Table 1 . Metal layers are assumed perfect conductor material, which is PEC for simplicity. All filter resonators are designed on the first metal layer. Although the filter is designed on laminate substrate, it can be extended to other materials, as GaAs, LTCC substrate or PCB, which may reduce its size progressively. Electromagnetic coupling among resonators is achieved by edge-coupled lines to obtain the bandpass filter behavior. The resulted bandpass filter using inductor resonators has the following geometrical characteristics: area of 3660 pm by 3120 pm, line width of 60 pm, and spacing of 60 pm. We also considered the molding effect to consider more realistic structure in a package. The electrical and physical material characteristics of the filter structure are listed in Table 1 . The newly designed inductor resonator filter was simulated using Ansoft 3-D full wave electromagnetic software HFSS [6], the simulated characteristics of the filter is shown in Fig. 3 .
The insertion loss in the passband and retum loss of the new inductor resonator filter equal to 1 dB and 20 dB, respectively. The target center frequency of the passband equals to 2.4 GHz and 3-dB bandwidth is 95 MHz, as specified. 
IV. SPIRAL RESONATORS FILTER OPTIMIZATION
The spiral resonators filter design optimization is one of the major aspects in filter design. The resonance frequency and the bandwidth should be adjusted to meet the target specification. Fig. 4 (a) depicts center frequency variations versus number of turn for inductor resonator. The center frequency in the filter passband is determined by changing the number of resonators turns. It can be easily tuned by changing the number of resonator turns, which determines the self-resonant frequency of each inductor type resonators. The self-resonant frequency of inductor depends on the inductance of the spiral inductor, and the parasitics capacitance among the spiral inductance turns as well as between the inductor structure and ground plane. Therefore, self-resonant frequency of the inductor resonators can be optimized by changing the spiral inductor geometry. Fig. 4 (b) shows bandwidth variations with distance between resonators. The bandwidth of proposed inductor resonator filter can be optimized by changing the distance between resonators. The 60 pm space inductor resonator filter has wider bandwidth compared to 90 pm and 120 pm space inductor resonator filters. This is due to the strong electromagnetic coupling between resonators.
The target performance of the filter can be easily achieved by optimizing the filter structure. The center frequency and bandwidth of the filter, can be adjusted by the resonator number of turns and distance between resonators, respectively.
V. SIMULATION AND MEASURED RESULTS Fig. 5 shows the fabricated inductor resonator bandpass filter on four layers laminate substrate. The filter is located on metal layer # 2. The ground on layer #3 is 200 pm apart from the resonators filter. The filter is connected to layer #1 using VIAS. Probing pads are included for 2-, ports microwave measurement. The bandpass filer is built on typical package laminate substrates dimension and materials, which was available at the time of the design. MHz for the center frequency and 0.3 dB for the r e m loss at the center frequency, is due to the difference in the drawn and built dimensions of the inductor resonator filter. The relatively high insertion loss of the measured filter is a result of weak electromagnetic edge-coupled, resonators coupling, that are 60 pm apart, and the losses associated with metal conductivity, which was not, considered in the initial design. The measured bandpass filter was fabricated based on the available laminate substrate technology at the time of the design. These results show that spiral inductor resonators can be used to implement compact filter even on relatively low dielectric constant material.
VI. CONCLUSION
A novel inductor resonators filter structure is presented. The design can achieve compact filter structure, even on low cost relatively low dielectric constant material. The design is based on the self-resonant frequency of the spiral inductors and electromagnetic coupling effects between resonators. The measured results show good agreement with simulation result. The compactness of newly developed bandpass filter makes the design and integration of bandpass filters attractive for further development and applications in SOC or SIP. This work is sponsored by Conexant System, Inc. under UCI MICRO research project # 01-028.
